The first detailed study of the action of the salts of uranium was made by Chittenden and Hutchinson t and by Chittenden 2 and Lambert in two publications which appearec~in 1887 and 1888. The first of these publications was concerned with the effect of various soluble salts of uranium on the amylolytic and proteolytic ferments occurring in the animal body. The authors showed that in very high dilutions these salts of uranium, and especially the nitrate, exerted an inhibitory effect upon the action of the above mentioned ferments. The second paper, although it was chiefly concerned with the effect of uranium salts upon protein metabolism, gave a brief account of the toxic effect of uranium in so far as the liver and kidney changes were concerned. The ability of uranium to induce a glycosuria was recorded, and the observation was made that the glycosuria usually did not occur until after the appearance of albumin in the urine. The appearance of glucose in the urine was attributed to a loss on the part of the liver of its glycogenolytic function.
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The first detailed study of the action of the salts of uranium was made by Chittenden and Hutchinson t and by Chittenden 2 and Lambert in two publications which appearec~in 1887 and 1888. The first of these publications was concerned with the effect of various soluble salts of uranium on the amylolytic and proteolytic ferments occurring in the animal body. The authors showed that in very high dilutions these salts of uranium, and especially the nitrate, exerted an inhibitory effect upon the action of the above mentioned ferments. The second paper, although it was chiefly concerned with the effect of uranium salts upon protein metabolism, gave a brief account of the toxic effect of uranium in so far as the liver and kidney changes were concerned. The ability of uranium to induce a glycosuria was recorded, and the observation was made that the glycosuria usually did not occur until after the appearance of albumin in the urine. The appearance of glucose in the urine was attributed to a loss on the part of the liver of its glycogenolytic function.
Since these publications, uranium has been employed by a large number of investigators in the study of its effect upon metabolism,
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especially protein metabolism; and on account of its toxic action on the liver and kidney it has been largely used in studying the function of these organs in various stages of poisoning. The toxic effect of uranium for the liver and for the kidney is usually ascribed to the action of the metal as such. The experiments which have been conducted in the present study tend to show that the toxicity of uranium runs parallel with its ability to lead to the formation of various acid bodies, and that if the appearance of these substances in the urine is delayed and their amount diminished there is less evidence of the toxic action of the metal.
The present paper is concerned with the toxic action of uranium nitrate on the kidney, both before and after the use of an anesthetic, and with the inhibition of this toxic action which may be induced by the use of an alkali.
In a recent paper s which was concerned with the study of the action of various diuretics in uranium nephritis, it was shown that two factors largely determined the efficiency of these diuretic substances. The first of these factors apparently depended upon the age of the animal, and the second on the form of anesthetic employed in conducting the experiments. Concerning the age of the animal, it was observed that before the use of an anesthetic the older animals gave greater evidence of the toxic effect of uranium than did the younger animals. This increased toxicity of uranium for the older animals was shown by the urine of these animals containing a higher percentage of both albumin and glucose, and by the earlier appearance in the urine, and by the appearance in larger amounts of both acetone and diacetlc acid. The animals comprising the above series of experiments were either anesthetized by Gr~hant's anesthetic, the active anesthetic ingredients of which are chloroform and alcohol, or by morphine and ether. The animals that received Grehant's anesthetic were in general less responsive to the diuretic substances than were the animals anesthetized by morphine and ether. The adult and old animals of the series which had shown an early appearance of acetone bodies in the urine, upon becoming anesthetized became acutely anurlc and remained non-responsive to all diuretic substances.
The histological study of the kidneys of these acutely anuric animals has constantly shown a marked degree of swelling, vacuolation, and necrosis of the epithellum of the convoluted tubules. There was no evidence of any structural MacNider, W. deB., A Study of the Action of Various Diuretics in Uranium Nephritis, with Special Reference to the Part Played by the Anesthetic in Determining the Efficiency of the Diuretic, Jour. Pharmacol. and Exper. Therap., 1912-13. iv, 491. change of a degenerative character in the blood vessels of the kidney or in the glomeruli.
Since the publication of this paper other experiments which have been concerned with the difference in the response of animals of different ages to a constant quantity of uranium per kilo, have shown that even though the output of albumin in the urine by these nephropathic animals is of low percentage, if the output of acetone bodies was marked, the animals after being anesthetized either became non-responsive to diuretics or became acutely anuric. The kidneys of these animals have shown changes in the epithelium identical in character to the changes already 'described.
From the foregoing account it will be seen that there is an apparent connection between the formation of acetone and diacetic acid on the part of an animal and the toxic effect of uranium, and that the animals that show an early appearance of these bodies in the urine are more susceptible to the toxic effect of an anesthetic than the animals that either fail to show the presence of acetone bodies or show these substances in small amounts and late in the uranium intoxication.
It has been shown by Fischer* that an accumulation of organic acids, such for instance as lactic acid, is capable of inducing extensive tissue changes; and, alsop that the use of an alkali in the form of a carbonate is capable of modifying these changes. With this observation of Fischer's in mind, and with the apparent connection between the toxicity of uranium and the toxicity of an anesthetic, with the appearance in the urine of acetone and diacetic acid, these experiments were planned in order to ascertain if the use of an alkali would in any measure inhibit the toxicity of uranium and the toxic effect of an anesthetic.
Since the commencement of these experiments the work of Graham s has appeared, in which he was able to show that all the characteristic features of late chloroform poisoning could be produced by the administration of hydrochloric acid, and that the use of a sodium carbonate solution would greatly inhibit the production of the characteristic lesions which develop in the liver. In his work, Graham has further shown that the ability of various narcotic substances to induce liver necrosis ran parallel with the amount of hydrochloric acid which these substances could theoretically yield in their decomposition outside of the body. This paper strengthens the views held by Fischer concerning the important part played by various acid bodies in a variety of pathological conditions and of the beneficial effect in some of these conditions which may be obtained by the use of an alkali. It is hoped that the present paper will in some measure serve as additional evidence in this connection.
EXPERIMENTS.
The observations which form the ground for the conclusions obtained in this paper are based upon the study of the toxic effect of uranium nitrate in the dose of 5 mg. per kilo in twenty-four dogs. In previous papers 3' 6 it has been shown that the toxicity of uranium is largely dependent upon the age of the animal. As a result of this observation, in conducting these experiments due consideration has been given to this factor. The two animals which have been employed in any one experiment, in which one animal served as a control for the animal receiving the alkaline solution, were either from the same litter, and therefore of the same age, or it was ascertained by careful inquiry that the animals were within a few months of the same age.
The animals were kept in metabolism cages and fed on a diet of bread and a small amount of cooked meat. They were given daily 500 cc. of water by stomach tube. The importance of diet in determining the toxicity of uranium nitrate and other poisons has been shown by Opie. v Animals have been shown to be more susceptible 'to these poisons after a diet rich in meat than following a diet rich in carbohydrate. For this reason the animals which we have employed have received very largely a carbohydrate diet. The withdrawal of the carbohydrates with an increase of the meat of the diet has resulted in an earlier appearance of diacetic acid and acetone in the urine and an increased susceptibility of the animals to anes-6 MacNider, W. deB., On the Difference in the Response of Animals of Different Ages to a Constant Quantity of Uranium Nitrate, Proc. Soc. Exper. Biol. and Med., 1913-14, xi, 159. Opie, E. L., and Alford, L. B., The Influence of Diet upon Necrosis Caused by Hepatic and Renal Poisons. I. Diet and the Hepatic Lesions of Chloroform, Phosphorus, or Alcohol, Jour. Exper. Med., 1915, xxi, 21. thetics. After a period of observation lasting over two days, during which time the study of the urine had excluded a naturally acquired nephropathy, the animals were given subcutaneously on two successive days 5 rag. of uranium nitrate per kilo.
On each day immediately following the uranium injections, one of the animals that served as a control was given intravenously by the large saphenous vein 25 cc. per kilo of a 0.9 per cent sodium chloride solution, while the other animal was given in the same manner 25 cc. per kilo of a 3 per cent solution of sodium carbonate in 0.9 per cent sodium chloride. The animals were finally given 500 cc. of water by stomach tube and returned to their respective cages. At the end of forty-eight hours the animals were anesthetized by Gr6hant's 8 anesthetic in 60 per cent strength. This anesthetic has been chosen in preference to either chloroform or ether as it is given in a definite amount per kilo by stomach and not by inhalation, and for the reason that it induces an anesthesia which is uniform in its depth and duration. This factor is, of course, of much importance in experiments of the character contained in this paper in which the toxicity of the anesthetic has to be considered.
Half an hour after giving the animals morphine, this being the initial step in inducing an anesthesia by Gr6hant's method, and just prior to the use of the chloroform-alcohol mixture, the abdominal wall was anesthetized with a 2 per cent solution of cocaine, the bladder exposed, and all the urine expelled. The abdominal incision was then closed. The control animal of the experiment was then given intravenously the sodium chloride solution, while the other animal received an equivalent amount per kilo of a 3 per cent sodium carbonate solution. Immediately following these injections both animals were given, by stomach, Gr6hant's anesthetic. The animals were completely anesthetized within twenty to thirty-five minutes. Usually by the end of the second hour the corneal reflex had returned. None of the animals showed any voluntary movements. The anesthesia was allowed to continue in all the animals for two hours and forty-five minutes. At the end of this time the abdominal incision was reopened and the urine that had been formed during the anesthesia was expelled from the bladder and measured. The kidneys and liver Were then removed and the animals killed.
The Inhibition of the Toxicity of Uranium Nitrate by Sodium
Carbonate.
The inhibition of the toxic effect of uranium by sodium carbonate is shown in the appended tables. A detailed discussion of this effect as evidenced by the various experiments will therefore not be given, but frequent reference to Tables I and II will be made. The tables show, in the first place, that the age of the animal influences the toxic effect of a constant quantity of uranium. If the carbonate animals be excluded from the consideration and only the response of the ~ontrol animals to the uranium be taken into account, the effect of this factor--the age of the animal--is clearly seen. Thus in Experiment 3, Table I , a control animal four and a half months old, during the first twenty-four hour period following the first uranium injection, the urine contained only 0.5 gin. of albumin per liter, no glucose, and no acetone. At the end of the second twentyfour hour period, following the second injection of uranium, the urine contained only 1 gin. of albumin, 0.85 per cent glucose, and a trace of acetone. However, in Experiment 15, Table II , also a control animal, but an animal between four and five years old, the urine of the first twenty-four hour period contained 1.25 gm. of albumin, 1.67 per cent of glucose, and gave a pronounced test for acetone. At the end of the second twenty-four hour period the albumin had reached 4.75 gin. per liter, the percentage of glucose had increased to 2.06, and the urine contained not only acetone in large amount but also diacetic acid. The inhibition of the toxic effect of uranium by sodium carbonate in animals of the same age is shown in the accompanying tables by comparing the difference in the output of albumin, glucose, and acetone by the control animals with the carbonate animals.
It will be seen by referring to the tables of experiments that the animals that receive the carbonate protection show uniformly in the urine of both the first and second twenty-four hour periods a smaller output of albumin and a lower percentage of glucose than do the animals of the same age which have not received the carbonate but which have received an equivalent volume per kilo of sodium chloride solution. It will also be seen that in the carbonate animals, with one exception, acetone was never present in the urine of the first twentyfour hour period, whereas in the control animals acetone was present in the urine of the first twenty-four hours in all animals over one year of age. In the above mentioned exception, the amount of acetone in the urine was exceedingly small. It was only detected by finding in the distillate used for the test a few characteristic iodoform crystals.
A study of the experiments shows further that with the appearance of acetone and diacetic acid in the urine, whether the animal be a control animal or an animal protected by the carbonate, there develops with the appearance of these bodies evidence of an increase in the intoxication which is shown by a rise in the percentage of glucose in the urine and in so far as the kidney is concerned in the intoxication, by an increase in the output of albumin.
The control animals have shown uniformly an earlier albuminuria than have the carbonate animals. In the urine of many of the control animals albumin has been present within eight to twelve hours after the first injection of uranium. This is true for all the control animals over one. year of age. It will be noted that it is with the animals of this age that the acetone bodies first make their appearance in the urine of the first twenty-four hour period.
In the carbonate animals, however, the appearance of albumin n the urine has been delayed until the end of the first period or into the second period of twenty-four hours. With the carbonate animals it is not until this second twenty-four hour period, with the one exception which has been given, that the acetone bodies make their appearance in the urine.
From the foregoing survey of the experimental data it would appear that the toxicity of uranium is associated with the ability of the metal to lead to the production of acetone bodies, and that when sodium carbonate is employed and the formation of these bodies is delayed and their amount lessened there is less evidence of the toxic effect of the metal. The use of the carbonate in an old animal places such an animal, in so far as its response to uranium is concerned, and in so far as the toxic effect of an anesthetic is concerned, in the relative position of a young animal in which both uranium and an anesthetic show less evidence of their toxic effect.
The following experiments are selected to illustrate the different points which have been brought out in the general review of the experiments which has just been made. Two sets of experiments will be employed: one set from the younger animals and one set from the older animals of the series.
Experiments 5 and 6, Table I , were carried out in animals between ten and twelve months old. The urine of the control animal, Experiment 5, during the first twenty-four hour period showed only a trace of albumin and glucose and no acetone. During the second period of twenty-four hours the animal developed an acetonuria, albumin was present in the amount of 1.1 gm. per liter, and glucose was present in 1.43 per cent. In Experiment 6, the animal was given the injections of sodium carbonate. The urine of the first twenty-four hour period showed a trace of albumin, no glucose, and no acetone. The urine of the second period showed only a trace of acetone, only 0.7 gm. of albumin per liter, and glucose in a lower percentage than was found in the urine of the dontrol animal. The output of glucose at the end of the second day was 0.142 per cent. Experiments 15 and 16, Table II, were carried out in animals between four and five years of age. The urine of the control animal, Experiment 15, showed within the first twenty-four hour period acetone, albumin 1.25 gin. per liter, and 1.67 per cent of glucose. During the second twenty-four hours the amount of acetone had greatly increased and diacetic acid was present in the urine. The albumin had increased to 4.75 gin. per liter, while glucose was present in 2.06 per cent. The urine of the carbonate animal, Experiment 16, was free from acetone for the first twenty-four hours, there was no glucose in the urine, and only a trace of albumin. During the second twenty-four hour period the urine contained a trace of acetone, the output of albumin was low, 0.85 gin., and the percentage of glucose was only 0.93 per cent.
These two sets of experiments serve to show the difference in the toxicity of uranium in the animals of different ages, the inhibition of this toxic effect by the use of the carbonate, and the relation which exists between the appearance in the urine of acetone bodies and an increase in the toxic action of the metal.
The Protection of the Kidney Acutely Nephropathic from Uranium from the Toxic Action of an Anesthetic by Sodium Carbonate.
The effect of this anesthetic on the pathology of the kidney in acute uranium nephritis, and through this effect its ability to render the kidney non-responsive to various diuretics has been shown by Pearce, Hill, and Eisenbrey, 9 and by several publications which have originated from this laboratory.10, u
In these later experiments it has been shown that when dogs of different ages were rendered nephropathic by uranium nitrate in the dose of 6.7 rag. per kilo and anesthetized by GrChant's anesthetic in 60 per cent strength, the younger animals remained diuretic and responsive to such substances as caffeine, theobromine, and various salts in different molecular concentrations, while the older animals became anuric as soon as they were anesthetized and remained anuric and non-responsive to these diuretic substances. It was further shown that the failure of these substances to be of diuretic value was not dependent upon any lack of response on the part of the vascular mechanism of the kidney and that it was not due to any histological changes in this mechanism, but that the failure of these bodies to induce diuresis was constantly associated with the development in the kidney of various degrees of degeneration of the epithelium, and especially of the epithelium of the convoluted tubules.
With these observations in mind of the definite toxic effect that Gr~hant's anesthetic has for the kidney acutely nephropathic from 9 Pearce, R. M., Hill, M. C., and Eisenbrey, A. B., Experimental Acute Nephritis: the Vascular Reactions and the Elimination of Nitrogen, Jour. Exper. Med., 1910, xii, 196 Jour. Pharmacol. and Exper. Therap., 1914-15, vi, 123. uranium, and with the observation that has been made in this paper of the ability of a carbonate to inhibit the toxic action of uranium for the kidney prior to an anesthetic, both the control and carbonate animals were anesthetized by Gr6hant's mixture, and the effect of the anesthetic on the kidney was determined; first, by the comparative ability of the kidneys of the control and carbonate animals to form urine during an anesthesia of two hours and forty-five minutes, and, secondly, by the difference in the severity of the pathological changes induced in the kidneys of the respective animals by the anesthetic.
A study of the tables of exPeriments shows quite clearly that in so far as the total output of urine is concerned during the period of anesthesia, the formation of urine is greatly favored in the animals that have been given prior to the anesthetic a solution of sodium carbonate, while the control animals that have received an equivalent volume per kilo of sodium chloride solution either secrete a much smaller amount of urine during the same period, or they become completely anuric.
For example, in Experiments 5 and 6, Table I , the animals being between ten and twelve months old, the control animal during the period of anesthesia formed 36 cc. of urine, while the carbonate animal during the same period formed 168 cc. This difference in the output of urine in the control, as compared with the carbonate animals, is seen to a more marked degree in the older animals of the experiments and serves to confirm the observation previously made of the increased toxicity of both uranium and of an anesthetic for these animals. In Experiments 9 and 10, Table n, in animals between one and a half and two years of age, the control animal during the period of anesthesia formed only 0.6 of 1 cc. of urine, while the carbonate animal had an output of urine of 114 cc.
The pathology of the kidneys of the contro! as compared with the carbonate animals shows the following differences. The kidneys of the control animals have shown a pronounced fatty degeneration of the loops of Henle. The kidneys of the carbonate animals have shown in all experiments less fatty degeneration of this epithelium. The most marked difference in the pathological response of the kidneys of the control animals, as compared with the changes in the kidneys of the carbonate animals, is seen in the difference in the degree of involvement of the epithelium of the convoluted tubules. In the control animals the epithelium of these tubules shows severe injury (Fig. 1) . The cells are greatly swollen and the nuclei are faint and frequently fragmented. In other of the tubules both the nucleus and cytoplasm of the cell have become necrotic. The epithelium of the collecting and junctional tubules is strikingly spared.
In the carbonate animals the epithelium of the convoluted tubules shows but slight injury and these changes are early. The terminal effect of the anesthetic on these cells, such, for instance, as a fairly complete necrosis, has not occurred in the twelve animals of the series which have received the carbonate protection.
In general the cytoplasm and nucleus of the cells of these tubules stain well. The cytoplasm is not infrequently granular, and in a few of the tubules the cells have undergone some swelling (Fig. 2) . The vascular pathology of the kidney in both the control and carbonate animals has consisted in a fairly severe engorgement of the glomerular vessels, but without the appearance of any exudate into the glomerulus and without any structural changes in the endothelium of the capillaries.
From the foregoing account the conclusion appears allowable that the kidney of an animal acutely nephropathic from uranium is protected against the toxic effect of an anesthetic by the use of sodium carbonate, and, furthermore, that this protection is dependent upon the histological preservation of the renal epithelium and especially of the epithelium of the convoluted tubules. DISCUSSION. No attempt will be made to explain the exact mechanism through which uranium exerts its toxicity, or to explain the differences between young tissue and old tissue which apparently give to the younger animals a relative immunity to an amount of uranium which in an older animal serves as a severe toxic agent. Even though the exact mechanism of the toxic action of uranium may not be clear, we know enough of the results of its toxic effect to warrant a brief discussion of the origin of some of the tissue changes and changes in the urine.
The earliest indication of the toxicity of uranium is shown by albumin in the urine. There also appears in the urine either prior to the albumin or within a few hours of the first trace of albumin, acetone and, later, diacetic acid. Generally within twelve hours after the development of an albuminuria the animal develops a glycosuria. So far as we have been able to learn there is no attempt to explain the nephritis from uranium except through the effect of the metal on the kidney.
The glycosuria has either been explained by assuming that the glycogenolytic function of the liver is interfered with, allowing an increase in blood sugar, which finds its escape in the urine, or that the glycosuria is purely of renal origin. That it is dependent upon an injury to the kidney, and that without any increase in the amount of blood sugar the animal becomes glycosuric, is the explanation given by Wallace t~ in his study of uranium glycosuria. Neither of these explanations serves to explain the severe general toxic effect of uranium which is seen in the rapid loss of weight by the animals, or the difference in the toxicity of uranium for animals of different age, and the early appearance in the urine of acetone and diacetic acid. It appears more likely that in its toxic action, uranium has a more general effect upon cell metabolism, resembling in some respects the action of hydrocyanic acid, and that the albuminuria, glycosuria, the formation of acetone bodies, and the marked loss in weight by the intoxicated animals is an expression of this interference in a wide variety of cells.
From experiments that are now being conducted in this laboratory and from the previous work of others, we are more inclined to this explanation of the toxic effect of uranium, than to ascribe its toxicity to the direct effect of the metal on any one or more groups of cells, as, for instance, the liver or the kidney.
It has been shown by Chittenden and Hutchinson t in their experiments on the action of various uranium salts on certain ferments, that the nitrate exerted in very high dilutions a marked inhibitory effect upon the action of both ptyalin and pepsin.
~ Wallace, G. B., and Myers, H. B., Uranium Glycosuria, Your. Pharmacol. and Exper. Therap., 1913-14, v, 511. It is possible that uranium nitrate, as used in the experiments recorded in this paper, may exert a similar inhibitory effect on the oxidative enzymes of a variety of ceils, and that through this action uranium induces histological changes which are common to different cells, such as acute swelling, and causes the appearance in the urine of various abnormal bodies. It would then follow from the facts observed in the experiments, that the oxidative capacity of the young animals is greater than the oxidative capacity of the older animals; for when both types of animals have been given the same amount of uranium per kilo, there is less evidence of its inhibitory effect on processes of oxidation in the young animals than in the older animals. The younger animals show a lower percentage of glucose in the urine, a later appearance of acetone bodies in the urine, and, as a result of the milder grade of nephritis, there is a lower output of albumin.
Experiments that are now being conducted have as their object a study of the oxidative capacity of the blood and various tissue juices in normal animals of different ages and in animals of different ages nephropathic from a constant quantity of uranium per kilo.' They tend to substantiate the purely hypothetical explanation which has been offered for the observation that animals of different ages vary in their susceptibility to uranium and that this toxic effect of uranium is constantly associated with the appearance in the urine of acetone and diacetic acid.
In this paper it has not been shown that these bodies acting as such are the cause of the kidney damage. Other bodies similar in character may be formed in the kidney cells which are in large measure responsible for their degeneration. It has, however, been shown that the time of the appearance of these substances and the relative amount in which they appear is an index of the severity of the uranium intoxication, and that if their appearance is delayed by the use of sodium carbonate there is less evidence of the toxic effect of uranium on the kidney both prior to an anesthetic and also after a period of anesthesia.
Before arriving at this conclusion concerning the action of the carbonate it was necessary to exclude the possible detoxicating effect which sodium carbonate might have through its action on uranium nitrate, by the formation of a less toxic salt. The fact that the different salts of uranium vary in their ability to inhibit ferment action has been shown by Chittenden and Hutchinson. ~ They were able to show that uranium acetate caused more inhibition of the action of ptyalin than did the nitrate, and they ascribed this difference to the greater acidity of the former salt. Likewise, the oxychloride of uranium showed more inhibition of the action of ptyalin than did uranium sulphate.
In order to exclude the possibility of the toxic nitrate of uranium having been detoxieated by the use of sodium carbonate, two animals were given injections of 5 rag. per kilo of uranium nitrate in which the solvent for the uranium was a 3 per cent solution of sodium carbonate in 0.9 per cent sodium chloride. As will be seen by referring to the last experiment of Table II (Experiment X), the toxic effect of uranium is in no way diminished when employed in a 3 per cent solution of the carbonate.
SUMMARY.
1. The toxicity of uranium in animals of different ages is associated with the power of the metal to lead to the formation of organic acids, as, for instance, diacefic acid and also acetone.
2. The power of sodium carbonate to lessen the toxicity of uranium depends upon its power to delay the formation of such bodies and to cause their appearance in the urine in lessened amounts, and does not depend upon the power of the carbonate to detoxicate the metal.
3. The protection of the kidney by the carbonate, which is shown by the kidney being functionally much more active during an anesthesia than the kidney of a control animal, and by the lack of fatty degeneration, acute swelling, and necrosis of the renal epithelium which is constantly seen in the unprotected kidneys, is probably dependent upon two factors: the neutralization of organic acids formed prior to and during the anesthesia, and the neutralization of hydrochloric acid which Graham 5 has shown to be liberated by chloroform during an anesthesia induced by this substance.
T H E JOURNAL OF E X P E R I M E N T A L MEDICINE VOL. X X l l l . PLATE 24-. Fxo. 1. Camera lucida drawing, Leitz oc. 1, obj. 6. The figure is from the kidney of the control animal, Experiment 9. The glomernlar capillaries are fairly well filled with blood. In general the epithelium of the convoluted tubules shows either a severe grade of swelling with a commencing necrosis, a, or the epithelium is completely necrotic, b. The junctional tubules are not involved. One of these tubules, shown at c, contains a cast. The kidney formed only 0.6 of 1 cc. of urine during the period of anesthesia. There is shown at a a shrinkage of the epithelium which is frequently seen in hyperactive kidneys. At b an early swelling of the epithelium is shown but without necrosis. At c is shown in cross-section a junctional tubule, the epithelium of which is normal. The kidney formed 114 cc. of urine during the-period of anesthesia.
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